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ABSTRACT
Introduction: Thirty-three separate local emer-
gency medical services (EMS) authority agencies serve 
the 58 counties in California. Each local emergency 
medical services agency dictates widely different treat-
ment and transport protocols for its paramedics. 
Although previous research has established the prob-
lem of geographic EMS disparities, nothing defini-
tively explains their cause.
Methods: We analyze California’s most recently 
available EMS performance-measure data to deter-
mine if there is still disparity in EMS patient care and 
patient outcomes in California. If there is a disparity, 
we determine whether the differences are accounted 
for by socioeconomic factors, geographical differences, 
or population size, by combining California EMS data 
with other state and county level data. If none of these 
factors are significantly correlated, this supports the 
hypothesis that something different, such as system 
structure, could be a potential cause of California’s 
EMS disparities. As a secondary analysis, we attempt 
to replicate these types of analyses at national and 
international levels, which could potentially permit a 
structural comparison as well.
Results: There is still disparity in EMS patient 
care and patient outcomes in California. Regression 
analyses did not identify a single factor to explain 
the disparity in performance measures. Most notably, 
the regression found that basic socioeconomic factors 
and geographical differences frequently speculated as 
common drivers for disparity of services, including 
median income, population density, and availability of 
specialty care facilities, did not account for the dispar-
ity in services.
Conclusions: Unfortunately, the striking lack 
of performance-measure data—a data desert—for 
EMS throughout the United States meant that the 
secondary analyses were inconclusive. Based on these 
results, we propose three recommendations:(1) most 
importantly, the lack of data must be addressed. Data 
collection should be standardized and mandatory for 
all EMS providers. (2) Treatment protocols for the 
state should be standardized and based on the latest 
evidence-based research. Providers should be required 
to offer the same level of care, to all geographic regions. 
(3) It may be beneficial to consider restructuring the 
California EMS system. While the research is limited 
due to imperfect information, consolidated systems 
seem to perform better. An existing framework for this 
already exists.
Key words: emergency medical services (EMS), 
paramedic, emergency medical technician (EMT), 
local emergency medical services agency (LEMSA), 
disparity, performance measures
INTRODUCTION
The previously published literature shows a broad 
disparity in prehospital care and patient outcomes 
among different Local Emergency Medical Services 
Agency (LEMSA) jurisdictions in California. As an 
example, cardiac arrest survival-to-discharge rates 
range from 6.3 to 32 percent. Direct routing of stroke 
patients to a stroke specialty-care hospital varies 
widely from 0 to 100 percent. Finally, yearly intuba-
tion success rates range widely from 44 to 92 percent.1 
Dimitrov et al. demonstrate that a stroke patient is 
more likely to have a better outcome in some areas of 
California than others due to that fact that “32% of 
DOI:10.5055/jem.2020.0470
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California’s population does not have access to acute 
stroke routing.”2 Silverman et al. found that adult and 
pediatric seizure protocols across emergency medical 
services (EMS) agencies in California varied widely.3 
This research seeks to explain the inconsistency in 
EMS care. Several possible factors may contribute 
to the disparity: differences in geography, proximity 
to specialty hospitals, population size, and socioeco-
nomic differences among each LEMSA area.
There are 33 separate local EMS authority agen-
cies serving the 58 counties in California.4 A local 
EMS agency (LEMSA) in California governs either 
EMS providers in a single county or several counties 
combined. Each LEMSA dictates widely different 
treatment and transport protocols for its paramedics.3
The medical director for each LEMSA has sole 
authority to change or maintain a local EMS treat-
ment protocol. The only state-regulated requirement 
for a protocol is it must fall within the accepted scope 
of practice for basic life support, emergency medical 
technicians (EMTs), or advanced life support (ALS) 
paramedics, according to Title 22, Sect. 100146 of 
the California Code of Regulations.5 Although some 
of these LEMSA jurisdictions adhere to national 
standards of care, many other LEMSA medical direc-
tors have not updated their local policies to the latest 
evidence-based standards.
The disparity of treatment is not limited to 
California. In 2016, the National Association of State 
EMS Officials (NASEMSO) sought to address this 
problem with a multistate study for five states: 
Arizona, Idaho, Kansas, Tennessee, and Wyoming. 
The report acknowledges, “There is wide variation in 
prehospital patient care.”6
Eisenberg and White describe a vast disparity 
at a national level in survival-to-discharge rates for 
patients who suffer out-of-hospital cardiac arrest. In 
2009, the survival-to-discharge rates ranged from 0 
percent in Detroit to 46 percent in Seattle.7 This is 
despite over four decades of cardiac-arrest research 
and the emergence of ALS as an EMS standard 
throughout the United States since the 1970s.
Shultis et al. examined the differences between 
rural and urban EMS systems within several 
geographic regions in the Pacific Northwest—all 
decentralized local EMS authorities. From an urban 
versus rural perspective, Shultis et al. found “striking 
rural-urban differences … with rural hospitals having 
a much lower capacity to adequately care for patients 
with stroke.”8
Eisenberg and White commented on the large 
extent to which the structures of EMS authority, 
provider standards, and treatment protocols vary 
significantly from one US state to another.7 Kupas et 
al. examined EMS protocols throughout the country, 
comparing states that decentralize protocols vis-à-vis 
states that use one unified set of EMS protocols.9 Ten 
years after the Eisenberg and White article, the dis-
parities between EMS protocols for treating the same 
condition still exist at the state (and local) levels.
Comparing different response protocols and EMS 
organizational choices is extremely difficult due to the 
striking lack of performance-measure data for EMS 
in the United States. One of the primary criticisms of 
Eisenberg and White as they conducted their research 
was that only 50 communities reported their experi-
ences, and the authors concluded that the nation has 
no idea whether their local level of cardiac-arrest care 
is “good, bad, or terrible.”7
Rengar et al. validate the view that policymakers 
have no concept of how EMS is performing in systems 
throughout the country. The authors summarize the 
challenges for EMS agencies to provide accurate 
performance-measure data, particularly among small, 
rural volunteer-based agencies. Renger et al. advocate 
for participation in national data-collection efforts 
and argue strongly for state and federal funding to 
help with these efforts.10
In a 2018 retrospective analysis of dozens of peer-
reviewed studies and gray literature on the subject 
of EMS oversight and protocol authority, Taymour et 
al. found that the EMS quality measurement focused 
almost exclusively on response times, rather than 
quality of care and patient outcomes.11 This means 
that comparisons between EMS protocols and organi-
zational structures are necessarily limited.
Although organizations such as the National 
EMS Information System (NEMSIS) and the Cardiac 
Arrest Registry to enhance survival (CARES) are 
beginning to collect standardized national data, 
06-JEM_Richter_190039.indd   248 24/04/20   7:23 PM
249Journal of Emergency Management 
Vol. 18, No. 3, May/June 2020
participation in these programs is still voluntary, and 
only a fraction of EMS agencies around the country 
contribute.12 Rosekind provides an overview of the 
national data initiatives, including the EMS Compass 
program.13 While the EMS Compass has the potential 
to address the EMS data desert, the program is still 
in its infancy.
The state of California collects its own data using 
the CA Core Measures which are self-reported from 
each LEMSA. Some LEMSA’s choose to contribute to 
the national data collections systems as well.
In this article, we analyze California’s most 
recently available EMS performance-measure data 
to determine if there is still disparity in EMS patient 
care and patient outcomes in California. If there is 
a disparity, we seek to determine why. To determine 
whether the differences are accounted for by socio-
economic factors, geographical differences, or popu-
lation size, California EMS data are combined with 
other state and county level data. If none of these 
factors are significantly correlated, this supports the 
hypothesis that something different, such as system 
structure, could be a potential cause of California’s 
EMS disparities. As a secondary analysis, we attempt 
to replicate these types of analyses at national and 
international levels, which could potentially permit a 
structural comparison as well.
METHODS
The primary analysis is based within California 
using CA EMS performance data as reported in CA 
Core Measures. In the two secondary analyses, we 
attempt a national analysis comparing centralized 
vs. decentralized states using NEMSIS data and 
an international analysis comparing decentralized 
California to centralized London National Health 
System (NHS) EMS data.
Primary analysis—California
The state of California EMS Authority releases 
an annual core measures report identifying 17 per-
formance measures from each participating LEMSA 
jurisdiction. Unfortunately, not all LEMSAs par-
ticipate in statewide data-collection efforts, nor does 
California mandate they do so.1 Despite the report’s 
limitations, California is one of the few US states that 
openly publish an annual analysis of statewide EMS 
performance.
Although EMS is called to treat and transport 
dozens of different pathologies, we extracted four 
quantifiable prehospital performance measures:
1. Percentage of patients meeting trauma 
triage criteria directly routed to trauma 
specialty care hospitals;
2. percentage of stroke patients directly 
routed to stroke specialty care hospitals;
3. intubation success rates; and
4. twelve-lead electrocardiogram (ECG) 
acquisition compliance for patients at risk 
for acute coronary syndromes.
The four measures are universal to all EMS sys-
tems, rural and urban, and are directly related to 
EMS actions in the field. Unlike other performance 
measures, they are not affected by external forces 
outside the control and quality of a field paramedic’s 
training or the mandates of the local protocol. While 
there are known limitations to these data, including 
that not all of the 33 California LEMSAs reported 
data on all 17 CA Core performance measures, the 
four performance measures chosen for analysis had 
by far the greatest response rates.
In addition to these data, we obtained information 
on population density, geographical size, availability 
of specialty hospitals in a region, and median income 
to determine whether any of these factors could be 
used to account for outcome disparities by LEMSA. 
The population for each LEMSA jurisdiction was 
pulled from the 2012 US census data organized by 
US-Places.14 The 2015 median income was pulled from 
the California Franchise Tax Board.15 The square mile-
age of each LEMSA jurisdiction was obtained from the 
California State Association of Counties.16 The num-
ber of stroke and trauma specialty hospitals in each 
LEMSA jurisdiction came from the California Office 
of Statewide Health Planning and Development.17 
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Additional hospital designation data were extracted 
from individual LEMSA protocols. The strength of 
these linkages was assessed using regression analysis.
Secondary analysis—National level
NEMSIS is an effort sponsored by the National 
Highway Traffic Safety Administration (NHTSA) to 
standardize and collect EMS data at the national 
level. The primary repository and administration of 
the data reside at the University of Utah.18 NEMSIS 
data are not open source. Researchers must request a 
specific dataset, and if NEMSIS approves the request, 
it releases relevant data batches. In an attempt to ana-
lyze the NEMSIS datasets for national EMS perfor-
mance-measure data outside California, we asked for 
information from different US states. NEMSIS denied 
the request to identify datasets by individual US 
state due to agreements with participating agencies. 
However, NEMSIS was willing to provide aggregate 
data grouped into centralized (Alabama, Hawaii, Iowa, 
Maine, Maryland, Massachusetts, Michigan, Montana, 
Nevada, New Hampshire, North Carolina, Oklahoma, 
Pennsylvania, Vermont, and West Virginia) and decen-
tralized (California, Colorado, Connecticut, Florida, 
Indiana, Kansas, Louisiana, Minnesota, Mississippi, 
Missouri, Oregon, Texas, Virginia, and Wyoming) 
states. We attempted to use these data to conduct a 
similar analysis at the national level as had been con-
ducted at the state level.
Secondary analysis—International level
The London Ambulance Service (LAS) is a sub-
district of the United Kingdom’s centralized NHS 
for emergency medical services. EMS in the United 
Kingdom has a vertically integrated hierarchy, over-
seen by the Department of Health, which dictates 
treatment protocols, transportation guidelines, and 
dispatch algorithms. There are 11 NHS districts for 
EMS in the United Kingdom, all operating under the 
same protocols. In stark contrast to most US EMS 
systems, the LAS under the NHS collects and openly 
publishes comprehensive performance-measure data 
quarterly.19 We attempted to use these data to conduct 
a similar analysis at the international level as had 
been conducted at the state level.
RESULTS
Primary analysis—California
We examine each of the four performance meas-
ure in detail.
Direct routing of stroke patients to stroke  
specialty hospitals
Patient outcomes in the United States for acute 
stroke are directly related to how quickly EMS 
responders identify the stroke and how quickly a 
stroke specialty-care facility can provide definitive 
care.20 The national standard of care—established 
by the American Heart Association and which subse-
quent research has expanded—dictates that patients 
who present with symptoms of an acute stroke should 
be routed directly to a stroke-specialty receiving 
hospital.21
In 2015, of the 22 reporting LEMSA’s, the per-
centage of stroke patients paramedics identified in 
the field and routed directly to a stroke specialty-care 
hospital ranged from 0 to 99.81 percent. In 2016, it 
ranged from 0 to 100 percent. This validates the pre-
viously cited work of Dimitrov et al., who conclude 
that 32 percent of California’s population does not 
have access to acute stroke routing.2
Having a stroke center in the LEMSA area is not 
a prerequisite for successful stroke-direct routing. 
Examining the raw data in 2015 and 2016, northern 
California and Merced, both of which had no stroke 
centers within their LEMSA areas at this time, have 
successful stroke direct-routing. Some LEMSAs, such 
as Mountain Valley, which had three stroke centers 
in its jurisdiction, according to the 2015 and 2016 
reports, have 0 percent stroke direct-routing in those 
years.
We conducted a regression analysis that con-
trolled for median income, population size, population 
density, and the number of stroke centers within a 
given LEMSA jurisdiction. Table 1 provides a general 
summary of these results. The p-values and regres-
sion statistics for 2015 and 2016 appear in Tables A1 
and A2 in the technical appendix, respectively. There 
are no statistically significant relationships among 
any of the independent variables. Median income is 
borderline (p = 0.052) in 2016 but was not borderline 
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in 2015 (p = 0.174). There is no statistically signifi-
cant relationship between patients routed directly 
to stroke centers and the number of stroke hospitals 
in the LEMSA area, percentage of stroke centers by 
population density, or population density.
Trauma center direct-routing for patients meeting 
trauma center criteria
Definitive critical trauma care is specialized 
because it often involves surgery. Protocols direct 
paramedics to direct-transport a patient exhibiting 
trauma center triage criteria to a designated trauma 
center. The percentages of trauma triage patients who 
were transported directly to a trauma center in 2015 
ranged from 11 to 98 percent and in 2016 from 50 to 
96 percent. Table 2 provides a summary of the regres-
sion analysis controlling for median income, popula-
tion density, and the number of trauma centers in a 
LEMSA jurisdiction in 2015 and 2016. Tables A3 and 
A4 present the p-values and regression statistics for 
2015 and 2016, respectively.
In 2016, there is a statistically significant rela-
tionship between trauma triage patients who are 
routed directly to trauma specialty centers and the 
number of trauma centers in a geographical LEMSA 
area (p = 0.0408). Surprisingly, in 2015, no statistical 
relationship exists between direct routing and num-
ber of trauma centers in a geographical LEMSA area 
(p = 0.171). There is no statistical relationship between 
the direct routing of trauma patients to trauma cent-
ers and median income, population density, or percent 
of trauma centers by population density.
Oral-tracheal intubation success rates
Paramedics commonly perform oral tracheal intu-
bation (OTIs) as part of the prehospital treatment 
algorithm for resuscitation of cardiac arrest and any 
patient in an altered mental state who cannot control 
his or her airway. Paramedics are regularly trained on 
this skill. Intubation success percentages ranged from 
44 to 92 percent in 2015 and from 49 to 88 percent 
in 2016. Table 3 summarizes the regression analy-
sis, controlling for median income and population 
density in 2015 and 2016. Tables A5 and A6 present 
the p-values and regression statistics for 2015 and 
2016, respectively. There is no statistically significant 
relationship between intubation success and median 
income or population density in either 2015 or 2016.
Twelve-lead ECG compliance for complaints 
consistent with acute coronary syndrome
A 12-lead electrocardiogram is a machine that 
traces the heart’s multidimensional electrical activity. 
It is the primary way to determine whether a patient 
is suffering from the early stages of an acute coronary 
event, and early recognition of a ST-elevation myocar-
dial infarction (STEMI) is critical for the overall care 
Table 1. Regression results  
for direct stroke routinga
Does the variable have a 
 statistically significant  relationship 
with the likelihood of direct 
 routing for stroke patients?
2015 2016
Median income (2015) p = 0.052
Population (2012)
Population density
Number of stroke centers within 
LEMSA
Percentage of stroke centers by 
population density
aWhite shading, not significant; gray shading, borderline 
significance (number in white is the p value).
Table 2. Regression results for direct  
transport to trauma centera
Does the variable have a 
statistically significant 
relationship with the likelihood 
of direct transport to a trauma 




Number of trauma centers 
within LEMSA
p = 0.041
Percentage of trauma centers by 
population density
aWhite shading, not significant; black shading, statistical 
significance (number in white is the p value).
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continuum of an acute cardiac patient. A 12-lead ECG 
acquisition in the field is the first step in the process, 
and so compliance is a universal performance measure.
The 12-Lead ECG compliance percentages ranged 
from 17 to 99 percent in 2015 and from 11 to 99 per-
cent in 2016. Table 4 summarizes the regression anal-
ysis for 2015 and 2016 data, controlling for median 
income and population density. Tables A7 and A8 
present the p-values and regression statistics for 2015 
and 2016, respectively. Based on available data, there 
is no statistically significant relationship between 
12-lead compliance and median income or population 
density in California for 2015 or 2016.
In summary, the regression analyses on the four 
performance measures demonstrated the lack of statis-
tical significance with what are frequently speculated 
as socioeconomic factors and geographical differences 
that could account for disparity of services. Since 
the disparities in services seen in the data were not 
accounted for by the socioeconomic and geographical 
variables we explored and since the four measures cho-
sen are directly related to EMS actions in the field and 
are not affected by external forces, such as the under-
lying health of the population, outside the control and 
quality of a field paramedic’s training or the mandates 
of the local protocol, there must be other drivers that 
account for the disparity of services. We attempted to 
explore this further in the secondary analyses.
Secondary analysis—National
To repeat this analysis at the national level and be 
able to include the system structure as one of the inde-
pendent variables, we obtained NEMSIS data. Table 
5 shows the groups of US states were analyzed and 
their respective reporting compliance rates. According 
to NEMSIS administrators, the compliance percentage 
is based on the percent of all EMS activations that are 
submitted in a given year (e.g., 2015) divided by the 
number of credentialed EMS agencies within a state 
(Mann NC, University of Utah, NEMSIS, e-mail com-
munication, October 18, 2017).  Reporting compliance 
rates ranged from 2 to 100 percent in the centralized 
protocol group and from 2 to 95 percent in the decen-
tralized protocol group. Average compliance was 68.7 
percent in the centralized group and 62.78 percent in 
the decentralized group. In addition to fairly low report-
ing compliance rates at the state level, there is an exac-
erbating issue within the actual reported data. Even if 
a state is officially listed as compliant, organizations do 
not enter much patient information into the dataset, 
making the amount of data available for analysis even 
smaller. For example, the NEMSIS cardiac-arrest data 
showed a total patient population in Group A of 26 242 
cardiac-arrest patients. There is no outcome informa-
tion for 22 750 cardiac-arrest patients (86.6 percent). Of 
the 25 268 cardiac-arrest patients identified in Group 
B, there is no outcome information for 21 783 cardiac-
arrest patients (86 percent). Therefore, if a researcher 
performed a detailed analysis with this measure, the 
analysis would account for only 14 percent (or fewer) 
of cases. This precludes meaningful statistical analysis.
Secondary analysis—International
Since EMS policies and protocols in the UK are cen-
tralized at a national level, it is an ideal system to com-
pare with California’s decentralized LEMSA structure.19 
The same four measures examined in the California 
Core Measures reports also appear in the LAS data but 
needed to be assessed for comparability. Unfortunately, 
Table 3. Regression results  
for intubation successa
Does the variable have a 
statistically significant 





aWhite shading, not significant.
Table 4. Regression results  
for direct stroke routinga
Does the variable have a 
statistically significant 
relationship with the 





aWhite shading, not significant.
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we found that two measures were not counted in the 
same fashion and needed to be removed from further 
analysis. We used t-tests to compare the means between 
these two populations for each of the measures.
In Table 6, the two performance measures are 
examined for 2016. The t-test comparisons of means 
of the two measures show high statistical significance. 
We did not conduct any further statistical analyses 
due to uncertainty about the comparability of the data.
DISCUSSION
The primary analysis supports the conclusion 
that there is still disparity in EMS patient care and 
patient outcomes in California. What is most notable 
about the findings from the regression analyses on the 
four performance measures is the lack of statistical 
significance with what are frequently enumerated as 
common drivers for disparity of services. People often 
speculate that the level of care depends on the amount 
of resources and geographic proximity. We have found 
that basic socioeconomic factors and geographical dif-
ferences did not account for the disparity in services.
Median income (how wealthy the population is 
within a LEMSA) was not significant with respect to 
oral-tracheal intubation success rates, nor to 12-Lead 
ECG compliance percentages, nor to trauma center 
direct-routing rates. Relatively wealthier areas did 
not correspond with better trained paramedics or best 
evidence-based practices. There is a borderline statisti-
cal relationship (p = 0.052) between median income and 
patients who were directly routed to stroke specialty 
hospitals in California in 2016 but not in 2015. Whether 
this finding implies that higher income areas mandate 
a higher level of stroke care remains open to debate.
Population density (measured as total LEMSA 
population divided by total LEMSA square mileage) 
which captures whether a LEMSA serves a more 
Table 5. 2015 Decentralized protocol group/ 
percentage of agency reporting compliance 
(Mann NC, University of Utah, NEMSIS, e-mail 
communication, October 18, 2017) 
2015—Group A
Centralized protocol group/




group/Percentage of agency 
reporting compliance
Iowa: 33 percent California: 17 percent
Maine: 77 percent Colorado: 71 percent
Massachusetts: 2 percent Florida: 57 percent
Montana: 42 percent Kansas: 54 percent
Nevada: 60 percent Louisiana: 34 percent
North Carolina: 25 percent Mississippi: 50 percent
Pennsylvania: 71 percent Oregon: 65 percent
Vermont: 57 percent Texas: 2 percent
Maryland: 100 percent Minnesota: 94 percent
Oklahoma: 95 percent Connecticut: 90 percent
West Virginia: 100 percent Missouri: 95 percent
New Hampshire: 91 percent Virginia: 94 percent
Michigan: 87 percent Wyoming: 80 percent
Hawaii: 100 percent Indiana: 76 percent
Alabama: 91 percent
Average Compliance  
Group A: 68.7 percent
Average Compliance  
Group B: 62.78 percent
The bold is simply to alert the reader that there are two 
distinct columns of data - Group A and Group B. The italics 
provides the means by which the two groups are different 
(e.g. Group A has centralized protocols developed for the 
state; Group B has decentralized protocols that may vary 
within the state). The bold at the end of the table presents 
the summary compliance rates for each group (e.g. the 
overall compliance rate within Group A is 68.7 and within 
Group B is 62.78).
Table 6. California versus LAS performance measure comparison (Means and t-test comparison of means)
Performance measure California 2016 LAS 2016 t test
Intubation success rates 72.26 percent22 90 percent23 t = –7.24 p (two-tailed): 0.0001 Mean a – Mean b: –19.3926
12-lead ECG compliance for 
patient c/o acute cardiac
81.57 percent22 96 percent23 t = –2.9 p (two-tailed): 0.005493 Mean a – Mean b: 14.3643
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rural or a more urban area was not significant with 
respect to oral-tracheal intubation success rates, 
nor to 12-Lead ECG compliance percentages, nor 
to trauma center direct-routing rates, nor to stroke 
direct-routing rates. It has been hypothesized that 
urban areas receive better care than rural areas, but 
this is not shown to be true in the analyzed data.
The number of stroke centers was not significant 
to stroke direct-routing rates, nor was the percentage 
of stroke centers by population density. This implies 
that the available hospital resources (either in terms 
of the absolute number of stroke centers or in terms 
of the relative availability of stroke centers (as meas-
ured by the number of stroke centers divided by total 
LEMSA population) did not influence the direct- routing 
rates of stroke patients.
The availability of hospital resources may play a 
more important role in direct-routing of trauma care 
patients. In 2016, there is a statistical relationship 
between patients in California who required trauma 
triage and were directly routed to trauma specialty 
centers and the number of available trauma centers in 
a LEMSA jurisdiction. We suspect that since patients 
who will require trauma center care are immediately 
identifiable, the more the trauma centers are avail-
able in a geographic area, the more likely EMS will 
direct-transport the patient. Surprisingly, no such 
relationship is evident for 2015. This calls into ques-
tion how strong and how continuous this relationship 
truly is. The relative availability of trauma centers (as 
measured by the number of trauma centers divided by 
total LEMSA population) did not influence the direct-
routing rates of trauma patients.
It may be speculated that higher data-reporting 
compliance may show a more significant relationship; 
however, this cannot be proven (or disproven) with the 
available information. The lack of relationships between 
the variables and the four performance measures 
encouraged us to attempt a set of secondary analyses, 
which failed due to the availability of comparable data.
The data desert surrounding EMS performance in 
terms of core metrics is astonishing for its prevalence 
throughout the nation. Even when standardized data col-
lection is attempted, the usefulness and accuracy of the 
data are hampered by the lack of reporting compliance. 
Given that hospitals are required to report performance 
measures, it is surprising that EMS authorities that 
provide an emergency public service would continue to 
oppose data collection efforts, especially in this time of 
electronic records and technological capabilities. The 
argument against mandating data reporting require-
ments is often reduced to a financial one. In some non-
compliant LEMSA areas, EMS providers say it would 
cost a significant amount to upgrade their technology 
and hire the personnel to incorporate a vertically inte-
grated data reporting infrastructure. In California, pro-
viding 9-1-1 EMS transport services is done primarily 
by contracted for-profit private ambulance companies. 
They currently have no incentive to upgrade their 
systems. A greater question is whether a for-profit com-
pany should be used to provide a critical public service. 
California communities do not outsource police or fire 
departments to private companies, nor do they expect to 
generate a profit for their services. Stories abound over 
the bankruptcies and financial hardship caused by the 
use of air transport in poorer rural communities.24,25
To California EMS Authority’s credit, the Core 
Measures Project established a framework to address 
the data desert. California is one of few states that 
care to produce and openly publish such data.
The United Kingdom’s remarkably high per-
formance compared to California is compelling. 
Moreover, it clearly demonstrates the feasibility of 
requiring mandatory standardized data reporting 
as well as benefits that can be obtained from having 
readily available, easily accessible, open data.
Since basic socioeconomic factors and geographi-
cal differences did not account for the disparity in ser-
vices, recommendations to tackle the disparities seen 
in the system need to focus on changing the system 
itself. Some possibilities are discussed below.
A first approach would be to consider a more cen-
tralized approach to the CA EMS system. There are 
many existing structures and organizations that could 
be leveraged to ease the process. California is vast and 
diverse in both population and geography. Arguably, it 
would be unreasonable to expect that a one-size-fits-all 
set of EMS policies would work in every rural, urban, 
desert, and mountainous corner of the state. Kupas et al. 
advocate for a regional approach to EMS authority that 
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falls under the umbrella of a baseline set of statewide 
treatment protocols.9 Even in the nationally centralized 
UK system, EMS is broken down into 11 administrative 
districts, each with a selection of policies that are unique 
for the demands of the geographic region.
The California EMS Authority impanels the State 
Trauma Advisory Committee (STAC), which is com-
posed of physicians, nurses, and EMS providers, “for 
the purpose of advising the LEMSA director on matters 
pertaining to the planning, development, and imple-
mentation of the State Trauma System.”26 One of the 
STAC recommendations, enacted in 2008, is to divide 
the state into five trauma regions, which are advised by 
the regional trauma coordinating committees (RTCCs).
The trauma regions provide a preexisting frame-
work to reorganize EMS authority in California. The 
borders of the five RTCC regions are based on a com-
bination of factors, including population distribution, 
geography, and the number of trauma centers within 
a given area. The state currently mandates that 
RTCCs “Develop a consensus compendium of trauma-
related policies, procedures, and clinical guidelines 
that may be shared throughout the state.”26 It would 
not be a stretch to expand their mandate and evolve 
RTCCs into regional EMS authorities, vertically inte-
grated within the State EMS Authority.
Another approach would be to establish statewide 
EMS policies and treatment protocols for all basic 
life support and advanced life support providers. 
Establishing a set of statewide EMS protocols based 
on the latest evidence-supported standard of care 
is not a herculean challenge as there are evidence-
based models for EMS protocols from high-performing 
jurisdictions throughout the country. Additionally, 
NASEMSO publishes an evidence-based set of model 
EMS protocols that are regularly updated, which the 
organization describes as follows: “A resource to be 
used or adapted for use on a state, regional or local 
level to enhance patient care.”27
The NASEMSO clinical guidelines provide an excel-
lent framework of scientifically vetted prehospital pro-
tocols, and at a minimum, they could serve as a starting 
point for the California EMS Authority to establish 
consistent statewide EMS treatment policies. Regional 
medical directors may then amend state protocols to suit 
the unique operational requirements of their regions. A 
more detailed proposal is provided in Covitz et al.28
A final recommendation would be to mandate 
data gathering and reporting by all EMS agencies. In 
California, this would mean that agencies would be 
required to collect and report all 17 performance meas-
ures tracked by the annual California Core Measures 
reports. Additionally, all agencies and cardiac-receiving 
hospitals shall be required to participate in the Cardiac 
Arrest Registry to enhance survival. The regional EMS 
authority should take the lead on vetting and vali-
dating their data so that each agency’s performance-
measure data are comparable, public, and transparent. 
Moreover, the regional authority and the state should 
develop and administer a schedule of consequences 
for failure to report data. This process will also enable 
a more seamless and robust statewide data report-
ing effort to the National EMS Information System 
and new national data-collection efforts, such as EMS 
Compass. It is imperative to improve California’s 
reporting compliance from its 2015 level of 17 percent 
(Mann NC, University of Utah, NEMSIS, e-mail com-
munication, October 18, 2017).
Limitations
There are some limitations to the CA Cores data, 
which makes analysis difficult. One of these is that 
there is no vetting or validation process for the data 
the LEMSAs provide. The data come with official dis-
claimers cautioning the reader on the many data limi-
tations and on the reliability of comparisons between 
jurisdictions.1,22 Regardless of disclaimers, these are 
official published reports from the California State 
EMS Authority, the only source for available data, and 
the only available general measures of statewide EMS 
performance. We believe that as the only available 
performance data, they can and should be analyzed.
CONCLUSION
When someone dials 9-1-1, the level of care should 
not depend on the area code from which they call. 
Treatment protocols for the state should be standard-
ized and based on the latest evidence-based research. 
Providers should be required to offer the same level 
of care, no matter what geographic area they serve. 
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Citizens and visitors of California deserve the highest 
level of prehospital care, no matter where in our state 
there is a need for emergency medical services.
Jeffrey A. Covitz, BS, MA, NRP, Center for Homeland Defense and 
Security Studies, Naval Postgraduate School, Monterey, California. 
Anke Richter, PhD, Professor, Naval Postgraduate School, Monterey, 
California.
Douglas J. MacKinnon, PhD, Research Associate Professor, Naval 
Postgraduate School, Monterey, California.
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Intercept 0.1580839 0.493576548 0.3202824 0.752899 –1.2044194 0.8882517 –1.2044194 0.8882517
Median Income 
(2015)
1.60 × 10–5 1.12 × 10–5 1.4215424 0.1743581 –7.86 × 10–6 3.98 × 10–5 –7.86 × 10–6 3.98 × 10–5
Population (2012) –2.03 × 10–8 1.75 × 10–7 –0.1157065 0.909325 –3.92 × 10–7 3.51 × 10–7 –3.92 × 10–7 3.51 × 10–7
Population  density 7.36 × 10–6 2.60 × 10–5 0.2830296 0.7807832 –4.78 × 10–5 6.25 × 10–5 –4.78 × 10–5 6.25 × 10–5
No. of centers 
within LEMSA area
0.024404 0.045366841 0.5379265 0.5980315 –0.0717694 0.1205774 –0.0717694 0.1205774
Percentage of 
stroke centers by 
population
1.8615071 2.361317152 0.7883342 0.4420255 –3.1442616 6.8672759 –3.1442616 6.8672759





















Intercept 0.5478176 0.146877217 3.7297659 0.0025228 0.2305087 0.8651266 0.2305087 0.8651266
Median income 
(2015)
6.93 × 10–6 3.24 × 10–6 2.1387299 0.0520152 –7.02 × 10–8 1.39 × 10–5 –7.02 × 10–8 1.39 × 10–5
Population density –2.26 × 10–6 8.52 × 10–6 –0.2653664 0.7948887 –2.07 × 10–5 1.61 × 10–5 –2.07 × 10–5 1.61 × 10–5
No. of stroke cent-
ers within LEMSA 
area
0.0058798 0.003580259 1.6422733 0.1244897 –0.0018549 0.0136144 –0.0018549 0.0136144
Percentage of stroke 
centers by popula-
tion density
0.263139 0.652783838 0.4031028 0.6934237 –1.1471148 1.6733927 –1.1471148 1.6733927
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Table A3. 2015 direct transport to trauma center for patients meeting  




















Intercept 0.1592419 0.2922366 0.5449074 0.5915577 –0.4484974 0.7669813 –0.4484974 0.7669813
Median income 
(2015)
1.04 × 10–5 7.32 × 10–6 1.4239142 0.1691612 –4.80 × 10–6 2.56 × 10–5 –4.80 × 10–6 2.56 × 10–5
Population density –4.21 × 10–6 1.87 × 10–5 –0.2249233 0.8242132 –4.31 × 10–5 3.47 × 10–5 –4.31 × 10–5 3.47 × 10–5
No. of Trauma 
centers within 
LEMSA area
0.0591523 0.0417785 1.4158538 0.1714797 –0.0277309 0.1460356 –0.0277309 0.1460356
Percentage of 
trauma centers by 
population density
1.2775471 3.4514485 0.3701481 0.7149791 –5.9001331 8.4552272 –5.9001331 8.4552272
Table A4. 2016 direct transport to trauma center for patients meeting  




















Intercept 0.402178 0.224210824 1.7937494 0.0866112 –0.0628068 0.8671628 –0.0628068 0.8671628
Median income 
(2015)
5.98 × 10–6 5.28 × 10–6 1.1326488 0.2695558 –4.97 × 10–6 1.69 × 10–5 –4.97 × 10–6 1.69 × 10–5
Population density –7.87 × 10–6 1.49 × 10–5 –0.5270635 0.6034243 –3.88 × 10–5 2.31 × 10–5 –3.88 × 10–5 2.31 × 10–5
No. of trauma 
centers within 
LEMSA area
0.0332826 0.015314673 2.1732464 0.0408056 0.0015219 0.0650432 0.0015219 0.0650432
Percentage of 
trauma centers by 
population density
2.1886088 2.299890782 0.9516142 0.3516313 –2.5810728 6.9582903 –2.5810728 6.9582903
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Intercept 0.818042 0.120731 6.775725 4.22 × 10–7 0.569391 1.066692 0.569391 1.066692
Median income 
(2015)
–2.20 × 10–6 3.04 × 10–6 –0.71454 0.481514 –8.42 × 10–6 4.08 × 10–6 –8.40 × 10–6 4.08 × 10–6
Population 
density
–2.70 × 10–6 8.96 × 10–6 –0.30001 0.766649 –2.11 × 10–5 1.58 × 10–5 –2.10 × 10–5 1.58 × 10–5




















Intercept 0.750561 0.09874035 7.601361 7.70497 0.546771 0.9543511 0.546771 0.9543511
Median income 
(2015)
–5.40 × 10–7 2.47 × 10–6 –0.21682 0.830181 –5.60 × 10–6 4.57 × 10–6 –5.64 × 10–6 4.57 × 10–6
Population 
density
–5.00 × 10–6 7.28 × 10–6 –0.69213 0.495499 –2.00 × 10–5 9.98 × 10–6 –2.01 × 10–5 9.98 × 10–6
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Intercept 0.5683435 0.166267014 3.418258 0.002086 0.226577 0.91011
Median income 
(2015)
5.85 × 10–6 4.19 × 10–6 1.396853 0.174268 –2.80 × 10–6 1.45 × 10–5
Population 
density
5.14 × 10–6 1.24 × 10–5 0.416116 0.68074 –2.00 × 10–5 3.05 × 10–5













Intercept 0.466866893 0.215366099 2.167782652 0.039899225 0.023312109 0.910421676
Median income 
(2015)
8.68 × 10–6 5.40 × 10–6 1.608361217 0.120313363 –2.44 × 10–6 1.98 × 10–5
Population 
density
–1.62 × 10–6 1.59 × 10–5 –0.101971921 0.91959246 –3.43 × 10–5 3.11 × 10–5
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